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BIM-based risk identification and assessment in building
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Angeliki P. Tsoupra1, Fotios P. Tsoukalis1, Athanasios P. Chassiakos1*
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Abstract. The complexity and dynamics of construction sites, in combination with the
uncertain behaviour of human factors, result in considerable workplace injury, illness, and
fatality statistics in the construction industry despite the strict legislative framework worldwide.
Therefore, the demand for a thorough risk management process, based on automated safety
modelling and preventive strategy, stands out in order to identify and eliminate potential
hazards early in the design phase of a construction project, resolving thus safety issues in the
field by extending traditional safety management practices. The objective of this study is to
investigate whether and how Building Information Modelling (BIM) can be used within the
health and safety framework to enhance risk identification and assessment in building projects
at their design phase. To this aim, a case study is conducted via a BIM software, namely Revit,
to develop an effective Building Information Model of a two-storey building in which safety
measures are introduced according to State legislation and field practices at a specific
construction phase. In the proposed way, the real-life complexity of the risk management
process is simplified, due to the object-oriented approach of BIM, the variety of BIM libraries
and the experiential recognition of unsafe conditions with 3D simulations in place of the nonjudgmental and merely bureaucratic law-enforcement methods. In conclusion, BIM enhances
the communication between engineers and workers, using interactive tools, and facilitates the
Safety Officer duties in the direction of preventing potentials hazards from the early planning
phases.
Keywords: Building Information Modelling (BIM), construction safety, health and safety plan,
prevention through design, risk Identification, risk assessment, risk matrix

Introduction
According to the Occupational Health and Safety (OHS) statistics, workplace injury, illness,
and fatality percentages in construction industry remain globally high. More than one third of
all US workplace fatalities occur in the building construction, while the Finnish construction
industry is responsible for one out of four fatal occupational accidents [1].
As these statistics indicate, the demand for a thorough risk management process, based on
automated safety modelling and proactive strategy, stands out in order to identify and eliminate
potential hazards early in the design phase of a construction project. The process will resolve
thus safety issues in the field by extending traditional safety management practices.

Building Information Modelling (BIM)
Nowadays, the use of Building Information Modelling (BIM) has been developed rapidly in
the Architecture, Engineering and Construction (AEC) industry due to the collaboration and
communication enhancement that offers among all project partners. The method increases
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productivity and quality, while reducing project cost and delivery time [2]. BIM and BIMrelated technologies are considered useful tools to overcome the existing obstacles in traditional
risk management methods. For instance, BIM itself has been proven as an effective way to
assist early identification and assessment of risks for design and construction through 3D
visualisation [3], 4D scheduling [4], and 5D cost estimating [5]. With the growing
establishment of BIM in the AEC industry, some attempts that could further integrate BIM with
risk management have been conducted, e.g. automatic rule checking [6, 7, 8], proactive IT
(Information Technology)-based safety systems [9], and safety training in a virtual gaming
environment [10].
* Corresponding author:
Tel.:
+30-2610-997-506
E-mail
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a.chassiakos@upatras.gr

Risk Matrix
The Risk Matrix is a tool to estimate levels of all identified risks of a project through a twodimensional diagram. The diagram axes represent the likelihood of occurrence and the risk
impact respectively [11]. This color gradation chart is often uased during a Risk Assessment to
determine how likely a risk is to manifest, and how severe the outcome could be if the risk
occurs. There are various versions available. In this research the one appeared on Table 1 is
chosen.
Table 1. The Risk Matrix (source: E. Mantle, D. Story & A. Rees, 2015)

5

Impact
Probability
(81 – 100) %

1
Negligible
5

2
Minor
10

3
Moderate
15

4
Significant
20

5
Severe
25

4
3
2
1

(61 – 80) %
(41 – 60) %
(21 – 40) %
(1 – 20) %

4
3
2
1

8
6
4
2

12
9
6
3

16
12
8
4

20
15
10
5

The overall risk rating is determined by multiplying the rating given to the impact by the rating
predicted for the probability, using the qualitative scales (1 - 100% or 1 - 5 = Very Low to Very
High or Negligible to Severe).
RISK = Hazard Probability x Hazard Severity [12]

(1)

Its objective is to quantify the risk in order to assist decision making management by setting
priorities and determining the action required to control the hazards [13], as shown in Table 2
[14].
Table 2. Sample guidance on action required by different risk levels (source: Tony Boyle,
“Health and Safety: Risk Management”, 4th Edition, 2018)
RISK
RATING
1

ACTION
REQUIRE
D
I

•

No action
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2-6

II

8 - 16

II
I

20

I
V

25

V

•
•
•

Record hazard
Record risk ratings of hazardous events
Recommend upgrades to risk control measures if a risk
rating is not as low as reasonably practicable

•
•
•

Record hazard
Record risk ratings of hazardous events
Record the recommended risk control measure needed
to reduce the risk ratings to below 7 or as low as
reasonably practicable

•

Seek further advice

•
•

Stop the activity immediately
Seek further advice

Methodology

The followed methodology for the proactive strategy via Building Information Modelling
(BIM) from the design phase is based on literature review and online research. According to the
outcomes, a process was developed and applied in a Case Study.
The process is summarized in the following steps:
 First, the Building Information Model of the construction site of a two-storey typical
building project is developed through the Autodesk ® Revit software. The model
contains architectural and structural information. All protection measurements
required by the State legislative framework and described in the Health and Safety
Plan have been incorporated in the model.
 Subsequently, ten (10) frequently identified at construction sites scenarios of unsafe
conditions are simulated. In each of them, risk identification and assessment are
carried out according to the risk matrix.
 Finally, risk reduction measures are proposed per scenario.

Case Study
In the framework of the Case Study, a two-storey building project is considered at its
construction phase. Specifically, it is assumed that the foundation, the building frame, the slab
placement at ground and first floor, the roof and the infill walls of ground floor have been in
place. In addition, a hole for the upcoming stairway placement is supposed to be present at the
current phase as well as an open excavation with the foundation and the perimetric walls of the
residence cesspool. The chosen geometry can be characterised simplified in order to facilitate
the research objectives.
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The developed Building Information Model, depicted in Figure 1, represents the ideal
construction site of the building as far as the safety standards. In the model, BIM libraries were
used extensively to facilitate the process and reduce the effort.

Fig. 1. 3D view of the construction site with the applied safety measures in a BIM form
The construction site follows the typical lay-out of a building project and comprises the
following facilities, depicted in Figure 2:
1. Two-storey building
2. Cesspool well
3. Temporary protection railing around cesspool well
4. Vehicle entry
5. Entrance guard room
6. Worker entry
7. Workplace office
8. W.C.
9. Locker rooms
10. Closed warehouse
11. Cutting and shaping reinforcement bar facility
12. Exterior fencing of construction site
13. Lifting machine
14. Outdoor scaffolding & shuttering storeroom
15. Temporary plastic jersey barriers around lifting machine arm orbit
16. Forklift
17. Cement silos
18. Concrete production unit
19. Covered aggregate warehouse
20. Debris bin
21. Covered parking, maintenance and repair facilities
22. Trash bins.
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Fig. 2. Construction site facility arrangement with safety measures in BIM form
The simulated scenarios of unsafe conditions are the following:
1. Removal of temporary protective railing around the cesspool well.
2. Removal of exterior fencing allowing citizen entrance in the construction site.
3. Removal of temporary plastic jerseys/forklift and worker exposure to the lifting
machine arm orbit.
4. Absence of temporary and durable railing against fall around the roof slab.
5. Absence of temporary and durable railing against fall around the hole of 1st floor
slab.
6. Absence of durable handrail at 1m, parallel board between floor - handrail and shields
on either side of scaffoldings.
7. Not stabilized portable staircase, at base and top, without handrail at 1m in its entire
length.
8. Existing disorder at the outdoor scaffolding & shuttering storeroom.
9. Lack of signs.
10. Impingement of the lifting machine arm to the aerial electricity network.
In the following section, results are indicatively presented for the 4th scenario, depicted in
Figure 3, which rather represents one of the most frequent unsafe condition at construction
sites.
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Fig. 3. Representation of the unsafe conditions for the 4th scenario: Absence of temporary and
durable railing against fall around the roof slab
The BIM representation facilitates the process of visually identifying and, more importantly,
assess the characteristics of the unsafe conditions. In this example, the probability of occurrence
may be considered as medium (41 – 60% or level 3), following the fact that protective measures
generally exist in the construction process, but the main reason for hazard manifestation is the
non- durable railing against fall, due to their quick and rough placement. The impact of the fall
is considered to be severe (level 5), as a likely fall from this height may result in severe or fatal
injury. Based on these considerations, the total risk parameter takes the value of 35 = 15. This
value places the risk in the orange section of Table 1 while, according to Table 2, the actions
required are of type III and the proposed measure for the risk reduction is the proper
perimetrical placement of temporary and durable railing against fall of height at least 1m, with
handrail, intermediate bar and shield on slab ends.
The same procedure is followed for all unsafe condition scenarios described above. The risk
assessment and the proposed actions for the individual scenarios are depicted in Table 3.
Table 3. Risk assessment and proposed action types for the case study scenarios
No.

Scenario
of
Unsafe
Conditio
ns

Level

Haza
rd
Typ
e

Hazard
Probabili
ty

Haza
rd
Severi
ty

Ris
k

Actio
n
Typ
e

63

1

2

3

4

5

6

Removal of
temporary
protective
railing
around
the
cesspool
well
Removal of
exterior
fencing
allowing
citizen
entrance in
the
construction
site
Removal of
temporary
plastic
jerseys/forkli
ft and
worker
exposure to
the lifting
machine
arm orbit
Absence of
temporary
and durable
railing
against fall
around the
roof
slab
Absence of
temporary
and durable
railing
against fall
around the
hole of 1st
floor slab
Absence of
durable
handrail at
1m, parallel
board
between floor
- handrail and
shields on
either side of
scaffoldings

Site

Fall

4

(61-80) %

4 Significa
nt

16

ΙΙΙ

Site

Bury

2

(21-40) %

5

Severe

10

ΙΙΙ

Site

Bury

5

(81-100)
%

5

Severe

25

V

Roof

Fall

3

(41-60) %

5

Severe

15

ΙΙΙ

Fall

4

(61-80) %

5

Severe

20

IV

Fall

5

(81-100)
%

4 Significa
nt

20

IV

1st
Floo
r

Site
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7

8

9

10

Not stabilized
portable
staircase, at
base and top,
without
handrail at 1m
in its entire
length
Existing
disorder at
the outdoor
scaffolding
&
shuttering
storeroom
Lack of signs
Impingement
of the lifting
machine arm
to the aerial
electric
ity
networ
k

1st
Floo
r

Slip

4

(61-80) %

4 Significa
nt

16

III

Site

Ergonom
ic

4

(61-80) %

3 Moderate

12

III

Site

Crash

2

(21-40) %

5

Severe

10

III

Site

Electrical

3

(41-60) %

5

Severe

15

III

Conclusion
The paper presents the role that BIM can play within the risk identification and assessment in
building projects during their design phase, encouraging further dissemination and application
of the method in construction practice and upgrading the safety procedures compared to the
fragmentary and partial approaches that typically take place nowadays. In this direction, a BIM
model of a two-storey building project is presented, in which safety measures are introduced
according to State legislation and field practices at a specific construction phase. Following, ten
common hazard scenarios are developed and their risk parameters and proposed remedy actions
are demonstrated.
In the proposed way, the real-life complexity of the risk management process is simplified, due
to the object-oriented approach of BIM, the variety of BIM libraries, and the experiential
recognition of unsafe conditions with 3D simulations in place of the non-judgmental and
merely bureaucratic law-enforcement methods. Moreover, BIM enhances the communication
among engineers and workers, using interactive tools, and facilitates the Safety Officer duties in
the direction of preventing potentials hazards from the early planning phases.
In future research, a continuous real-time monitoring of the construction site will be tested in
order to identify unsafe conditions that deviate from the BIM model, advise on safety measures,
and promptly inform the Safety Officer.
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Nomenclature
AEC (Architecture, Engineering and Construction) BIM (Building Information Modelling)
IT (Information Technology)
OHS (Occupational Health and Safety)
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